The preparation of amide derivatives (4) by N-acylation of unprotected a a-amino acids is easily achieved via readily available benzotriazolyl carboxylates (2a-d) or succinimidyl carboxylates (2e-f). These intermediates (2) are prepared from reaction of carboxylic acids (1) with 1-hydroxybenzotriazole (HO-Bt) or N-hydroxysuccinimide (HO-Su) in the presence of equimolar amounts of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (WSCI). The overall yields of the target compounds (4) were excellent, and this two-stage procedure could be applicable as an alternative procedure for one-pot reaction.
Preparation of N-acyl derivatives of amino acids from acyl halides (usually chlorides) and amino acids is well known in organic synthesis, the so-called Schotten-Baumann reaction. 1) Many of the coupling reagents for the formation of amide bonds in the synthesis of biologically active compounds have been reported. 2) Recently, a few effective coupling reagents for N-acylation of unprotected amino acids have been reported. [3] [4] [5] [6] [7] For instance, the coupling reaction utilizing N-acyl benzotriazole derivatives and unprotected amino acids proceeds under mild reaction conditions. 7) Recently, we reported that N-acyl derivatives of baminoalanines were synthesized under Schotten-Baumann reaction conditions with acyl halides. 8, 9) For further structural modification of N-acyl derivatives of b-aminoalanines in the search for biologically active compounds, we were in need of a conventional method for the synthesis of some N-acyl baminoalanines. In the course of our studies, we found that the combination of 1-ethyl-3-(3Ј-dimethylaminopropyl)carbodiimide hydrochloride (WSCI) 3, 10) and 1-hydroxybenzotriazole (HO-Bt) 3) or 1-hydroxysuccinimide (HO-Su) 3) for such coupling reactions is effective to obtain the N-acylated derivatives from unprotected b-aminoalanines. We report herein a simple conventional method for the N-acylation of unprotected amino acids.
Results and Discussion
As shown in Tables 1 and 2 , the use of equimolar amounts of WSCI 10) gave almost quantitative yields of the desired activated carboxylic acid (2) , and this procedure may be efficiently exploited in the case of starting acids with an amine functionality [see entries 2, 3 (Table 1 ) and entries 2, 3, and 5 (Table 2) , respectively].
The structures of the activated derivatives (2a-d) were easily confirmed from the spectroscopic and elemental analysis. Thus IR spectra of compounds 2a-d showed a characteristic absorption band at 1809-1781 cm Ϫ1 ascribable to the CϭO group in the molecules. In the 1 H-NMR spectra, four aromatic protons of benzotriazole ring were observed at d 7.26-8.14 ppm as multiplets. Regarding the benzotriazole ring in compounds 2a-d, six 13 C-signals were observed at d 108.3-143.6 ppm elucidating the representative structure (2) .
Other assignments of NMR data of the products are given in Experimental. In the case of derivatives (2e-f), IR spectra showed three absorption bands at 1821-1730 cm
Ϫ1
, ascribable to the two CϭO groups in the succinimide ring and a CϭO for -COONϭ groups. Other physical data (FAB-MS and elemental analysis) were in good agreement with the structures (2) (see Experimental). These assignments and correlation of 1 H-and 13 C-NMR signals were supported by 2D spectroscopic analysis. Table 2 shows the results of reactions of these activated carboxylic acid derivatives (2) with unprotected amino acids (3). The structures were confirmed by spectroscopic and physical data of the target amide derivatives (4). Thus IR spectra (KBr) showed two typical absorption bands at 1686-1613 and 3292-3194 cm Ϫ1 attributable to the amide CϭO and amide -NH-groups, respectively. In addition to these observations, compounds 4a, 4c, and 4d showed at ca. 1600 cm Ϫ1 ascribable to a carboxylate (-COO Ϫ ) group, which apparently indicates that these compounds require the twitter ion structure in the solid state. 8) In all 1 H-NMR spectra, a characteristic Ca-H proton for a-amino acids could be observed at d 4.20-5.10 ppm. Other protons were also in good agreement with the represented structures of 4. In the 13 C-NMR spectra of the products 4, three 13 C signals were observed at d 163.0-175.5, 171.4-176.8, and 47.6-54.4 ppm, ascribable to a -CONϭ amide, a -COOH, and a Ca carbon, respectively. Full assignments of these data of structures 4 are recorded in Experimental. Other physical data (FAB-MS and elemental analysis) of these compounds are also in good agreement with the representative structure (4).
In our experimental results, some of the advantages of combination of HO-Bt (or HO-Su) and WSCI are that the procedure by two-stage coupling reaction is quite conventional and gave isolable stable activated derivatives in excellent yields, and can effect rapid coupling. Coupling reactions with the reported reagents are frequently moisture sensitive, and include some difficulties of isolation and purification processes due to the formation of by-products from the coupling reagents. 3, 7) Preparation of the coupling products by the above procedure gave excellent results in terms of the yield or easy preparation procedure of overall process. In addition, this two-stage procedure is accessible for a new procedure for one-pot amide formation based on activation of carboxylic acids in situ. For example, the preparation of 4f by one-pot reaction starting with 1d using either HO-Bt or Su-OH can be achieved in excellent yield (see Method A and B in Experimental).
11) The molecular modification by this conventional procedure has a wide range of applications for N-acylation of unprotected amino acids. Further synthetic and biological studies on related compounds are in progress. 
149 (dec.) C heteronuclear multiple-bond connectivity (HMBC) spectra. FAB-MS were obtained by JEOL JMS-HX110 mass spectrometer. The preparation of racemic b-aminoalanines (3a, b) as starting materials has already been described in our previous paper.
12 ) The following abbreviations in brackets were used: cyclohexane ring (Cyhx), piperidine ring (Ppd), pyrrolidine ring (Pyr), and benzotriazole group (Bt).
Isolation of Activated Carboxylic Acid (2). General Procedure At room temperature, 1-ethyl-3-(3Ј-dimethylaminopropyl)carbodiimide hydrochloride (WSCI) (5.5 mmol) was added to a solution of carboxylic acid (1) (5.0 mmol) and 1-hydroxybenzotriazole monohydrate (HO-Bt) (5.5 mmol) or 1-hydroxysuccinimide (HO-Su) (5.5 mmol) in dichloromethane (CH 2 Cl 2 ) or dimethylformamide (DMF) and the resulting mixture was stirred until the starting material disappeared. In case of entries 1, 4, and 6 (Table 1) , the reaction mixture was washed with water. After drying over Na 2 SO 4 , evaporation of the solvent gave the desired products (2a,d, f) in almost quantitative yields. In the case of entries 2, 3, and 5 (Table 1) , after addition of water the precipitates were collected by filtration or the resulting mixture was extracted with diethyl ether, washed with brine, and dried over Na 2 SO 4 . Evaporation of the solvent afforded good purity of the compounds (2b, c, e). The products could be used for the next stage without further purification. After stirring for 5 h at 30°C, the reaction mixture was concentrated under reduced pressure and the residue triturated with EtOH to give a solid material. After separation of this product by filtration, the filtrate was concentrated and eluted by a silica gel column with methanol as solvent. The collected product was neutralized by addition of HCl/EtOH (ca. pHϭ7) and dried under reduced pressure. The residue was dissolved into EtOH and insoluble material removed by filtration, and evaporation of the filtrate gave 4d (0.18 g, 76% Compound (4e) was also obtained from the reaction of 2g 13) with DL-alanine. Thus a solution of DL-alanine (0.20 g, 2.25 mmol) and K 2 CO 3 (0.95 g, 6.88 mmol) in H 2 O (8 ml) was added to a solution of activated carboxylic acid (2g) (0.67 g, 2.25 mmol) in DMF, EtOH (10 ml) was added to the solution, then the mixture was stirred for 0.5 h at room temperature. After concentration of the solvent, the residue was acidified with 1 N-HCl and the precipitated material collected by filtration to give 4e (0.56 g, 92%).
Preparation of 2-Benzamido-3-phenylpropanoic Acid (4f) A solution of DL-phenylalanine (0.38 g, 2.30 mmol) and K 2 CO 3 (0.95 g, 6.88 mmol) in H 2 O (ca. 7 ml) was added to the solution of activated carboxylic acid (2e) (0.5 g, 2.28 mmol) in CH 2 Cl 2 and stirred for 2 h. After removal of the solvent under reduced pressure, the residue was acidified with 1 N-HCl. The precipitate was extracted with AcOEt, washed with brine, then dried over Na 2 SO 4 . Evaporation of the solvent gave a high purity of 4f (0.6 g, 97%). 
